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Fructose-1,6-diphosphatase (FDPase) in animals (Weber, 
].9o5, plants (Racker, 1962), and microorganisms (Fraenkel 
and Horecker, 196.5), has been extensively studied. Although 
experimental evidence suggest that FDPase tends to serve in 
different metabolic pathways in different organisms, the 
basic function of the enzyme remains the same. 
In microorganisms such as Saccharomyces cerevisiae. 
FDPase has been shown to function in gluconeogenesis (Gancedo 
et al., 1967). The biological significance of FDPase does 
not reside merely in the fact that it is a gluconeogenic 
enzyme but, also, that the reaction catalyzed by this enzyme 
is the rate limiting one (Weber et al., 1965). Thus, the con¬ 
trol of gluconeogenesis may reside in this reaction. The en¬ 
zyme has been observed in E. coli (Fraenkel and Horecker, 
i960) and S. cerevisiae (Harris and Furguson, 1967); in the 
former, in growing conditions only, and in the latter, under 
both growing and nongrowing conditions. Preliminary studies 
suggested that the kinetics of the enzyme under these two 
conditions may be different. 
The purpose of this study was to determine the kinetics 
of FDPase in growing and nongrowing conditions in S. cere¬ 
visiae with acetate as the sole carbon source. 
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CHAPTER II 
REVIEW OF LITERATURE 
Gomori (1943) recovered from organ extracts an alkaline 
phosphatase which was quite different from previously known 
alkaline phosphatases. He called this new enzyme hexose di¬ 
phosphatase. The enzyme possessed substrate specificity and 
a definite requirement of Mg + for activation. GomoriTs dis¬ 
covery has led to subsequent investigations concerning this 
enzyme, some of which are listed below. 
When organisms utilize carbon sources that are not fer¬ 
mentable, the carbon source has to be converted to glucose 
via glycolytic reversal. If the carbon source is not a car¬ 
bohydrate precursor, the process is termed gluconeogenesis. 
During glycolytic reversal or gluconeogenesis several enzymes 
are present and functional which are not functional in regu¬ 
lar glycolysis. When glucose is used as a carbon source, the 
enzymes in glycolytic reversal or gluconeogenesis appear to 
be nonfunctional or represses (Weber et al., 1965). 
The ability of glucose to inhibit the synthesis of cer¬ 
tain enzymes was defined as the glucose effect by Epps and 
Gale (1942), who demonstrated that the formation of amino 
acid deaminases v;as inhibited by glucose. Monod (1947) dis¬ 
covered that glucose prevented the formation of enzymes 
essential for the degrading of other sugars. Experiments 
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dealing with the repression of histidase by glucose in 
Aerohacter aerogenes suggested that different compounds were 
responsible for the repression of different enzymes or class¬ 
es of enzymes (Neidhardt and Kagasanik, 3.957). Magasanik 
(1961) coined the term "catabolite repression" for the glucose 
effect. His reason for the coined term came from the concept 
« / 
that catabolites, which are formed rapidly from glucose, ac¬ 
cumulated in the cell and repressed the formation of enzymes 
whose activity would augment the already large intracellular 
pools of the compounds. According to Gancedo et al. (1967), 
the regulation of the concentration of FDPase in yeast ap¬ 
peared to involve feedback repression by glucose-6-phosphate 
(G-6-P) without requirement for metabolic induction. This 
feedback repression system operated somex-zhat similar to the 
glutamine synthetase system in E. coli (Kingdon and Stadtman, 
1967). Their investigations revealed that the enzyme had a 
different susceptibility to feedback effectors, which was due 
totally to differences in growth conditions. 
When microorganisms utilize carbon sources that contain 
only two carbon atoms, the glyoxylate cycle, another metabol¬ 
ic pathway, occurs (Kornherg et al., 1957). Kornberg suggest¬ 
ed the biological role of the glyoxylate cycle as the net syn¬ 
thesis of C^-dicarboxylic acids from acetate when this is the 
sole source of carbon. It therefore, provides the oxaloace- 
tate required for the continued operation of the tricarboxylic 
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acid cycle. The findings of Kornherg et al., (i960) with 
Micrococcus denitrificans showed that change in the mode of 
growth, from autotrophy to growth on acetate, was accompanied 
by an alteration of metabolic pathways from the Calvin cycle 
to the glyoxylate cycle, and suggested that isocitratase, one 
of the key enzymes of the glyoxylate cycle, is under adaptive 
control. He further stated that studies on the effect of 
other carbon sources on acetate-grown cells indicated that 
the carbon sources control both the activity and formation of 
isocitratase by a feedback mechanism. It was suggested that 
such feedback mechanisms control the intracellular operation 
of the glyoxylate cycle. Kornberg (1961) stated that when 
the growth substrate contained three or more carbons, the sub¬ 
strate could be catabolized to pyruvate, which could yield 
four carbon acids by CO2 fixation. 
Four key gluconeogenic enzymes have been described. 
These are glucose-6-phosphatase, fructose-1,6-diphosphatase, 
phosphoenolpyruvate carboxykinase, and pyruvate carboxylate. 
They have low activities, govern one-way reactions, are in¬ 
volved in circumventing thermodynamic barriers and, are lo¬ 
calized chiefly or exclusively in organs capable of gluco- 
neogenesis. The reaction that FDPase catalyzes, fructose-1, 
6-diphosphate to fructose-6-phosphate, has been described, to 
be the slowest (limiting) reaction in gluconeogenesis, thus 
making it one of the most important enzymes in this process 
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(Weber, 1965). 
The kinetics and other properties of FDPase have recent¬ 
ly been investigated. Spinach leaf FDPase has been purified 
and described (Packer, 1962). The enzyme was assayed spec- 
trophotometrically at 340 mil and results shoxved the stoi¬ 
chiometric relation between FDPase and its substrate, fruc¬ 
tose-1 ,6-diphosphate. The enzyme liberated 1 mole of fruc- 
tose-6-phosphate and 1 mole of P^ for each mole of fructose-1, 
6-diphosphate which disappeared. Under growing conditions, 
Fraenkel and Horecker (1965) have shown that the activity and 
properties of FDPase differ from that of acid hexose phospha¬ 
tase. 
Scala, Patrick, and Macbeth (1969) have observed three 
FDPases in the castor bean. The FDPase activity increased 
during germination. This increase was due to _de novo synthe¬ 
sis of a second FDPase and induced by gibberellic acid. *~ 
FDPase III, the only one with a alkaline optimum, was present 
only in the photosynthetic tissue of the mature leaf. 
The nature of FDPase in hepatomas is a clear-cut one 
(Sato and Tsuiki, 1969). On the basis of the behavior of 
the FDPases toward AMP, the tissues could be divided into two 
groups: one group was characterized by the possession of 
FDPase extremely sensitive to AMP; the other group was char¬ 
acterized by the possession of a less AMP sensitive enzyme. 
Fernando and Pontremoli (1969) compared the properties 
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of rabbit muscle and rabbit liver FDPase. They concluded 
that the two enzymes were different proteins with a number of 
common properties. The enzymes differed significantly in pri¬ 
mary structure, but were similarly activated by treatment with 
dinitrofluorobenzene or p-mercuribenzoate, or by disulfide ex¬ 
change with 5|5’-dithio bis (2-nitrobenzoic) acid. Enser, 
Shapiro, and Horecker (1969) employing immunological methods 
also demonstrated that the FDPase of rabbit muscle is dis¬ 
tinctly different from that of rabbit liver. 
CHAPTER III 
MATERIALS AND METHODS 
The yeast cells used in this study were Mortimer’s 
arginine deficient H mating type obtained from Donner Labo¬ 
ratory. The media used for induction of the enzyme in grow¬ 
ing conditions was that of V/ickerham (Phaff et al, 1966). 
The induction of the enzyme in nongrowing cells was obtained 
by suspending the cells in phosphate buffer (pH 5.0). The 
cells in both conditions were incubated for 36 hrs at 26 C. 
In all preparations of crude extracts operations were 
conducted at 0-4 0. Cells were harvested by low speed cen¬ 
trifugation and ground with 3 times their weight of Alcoa- 
305 alumina for L min. The paste was extracted with 0.1 M 
glycine buffer (pH 8.0) and centrifuged at 12,000 RPM for 
30 min. The supernatant was the source of FDPase. 
FDPase activity was measured spectrophotometrically at 
340 m/i by following the reduction of TPN at room tempera¬ 
ture in a Bausch and Lomb spectronic colorimeter. The stan¬ 
dard assay mixture contained 0.1 ml of 0.1 M glycine buffer 
(pH 8.0), 0.05 ml of 0.2 M MgCl2, 0.005 ml of 0.2 M EDTA, 
0.05 ml of 0.0005 M TPN, 0.005 ml of glucose-6-phosphate de¬ 
hydrogenase, 0.C01 ml of glucose-6-phosphate isomerase, 0.05 
ml of extract, and H20 sufficient to have a final volume of 
1.0 ml after addition of the substrate. The reaction was 
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initiated by the addition of 0.05 ml of 0.04 M fructose-1, 
6-diphosphate, and density readings were taken at 30 sec in¬ 
tervals for 6 min. Specific activity was expressed as 
Û 0. D.3^0/6 min/mg protein. Protein was measured by the 
method of Lowry et al. (1951). 
Glucose-6-phosphate dehydrogenase, TPN, and fructose-1, 
6-diphosphate were obtained from Nutritional Biochemical 
Corp. Glucose-6-phosphate isomerase was obtained from Sigma 
Chemical Co. The inhibitors, NaF and 5’ AMP, were obtained 
from Schwarz Bio. Res. Inc. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Initial assays were made to determine if there xvas endo¬ 
genous activity in the assay system. In general, there was 
slight endogenous activity for approximately one minute. 
After endogenous activity ceased the substrate was added to 
initiate the reaction. 
The optimum pH for EDPase activity was 7.5* Lower ac¬ 
tivity was observed at pH 7.0, S.O, and S.5 (Eig. 1). 
Fig. 2 shows that the activity of FDPase increased up to 
0.0S M substrate concentration. Beyond this substrate concen¬ 
tration the activity decreased. 
Fig. 3 shows that optimum Mg++ concentration is 0.06 M. 
Above and below this concentration there was considerably less 
activity. 
Varying the concentration of 3DTA resulted in no change 
in the activity of FDPase (Fig. L). 
Fig. 5 shows that between TPN concentrations of 0.0003 M 
and 0.0009 M the activity of FDPase was not greatly altered. 
The optimum TPN concentration was 0.0005 M. 
The relationship between FDPase concentration and ac¬ 
tivity is shown in Fig. 6. Activity was directly proportional 
to enzyme concentration. Figs. 1-6 contain data obtained 
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Fig. 4. Effect of EDTA concentration on FDPase activity. 
Standard assay mixture was used with varying con¬ 
centrations of EDTA. 
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Fig. 5. Effect of TPN concentration on FDPase activity. 
Standard assay mixture was used with varying con¬ 
centrations of TPN. 
15 
Fi™, 6, The relationship between FFP^se concentration and 
activity. The standard assay mixture was used: the 
concentration of FDPase was varied. 
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Fig. 7 shows the relationship of enzymatic activity to 
incubation time in growing and nongrowing cells. Identical 
rates were observed at 4 hrs but the rate in growing cells 
began to excell that of nongrowing cells and continued to do 
so up to 36 hours of incubation where it was almost 3-fold 
that in nongrowing cells. 
Fig. 3 shows that AMP and NaF ihhibited FDPase activity. 
In both growing and nongrowing cells activity was inhibited, 
however, AMP was more inhibitory than NaF. 
At room temperature in phosphate and glycine buffers 
the activity of FDPase steadily declined during a 36 hr peri¬ 
od. The decline was much more rapid in the glycine buffer 
(Figs. 9 and 10). 
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Incubation tima (hrs) 
Fig. ?. The relationship of FDPase activity to incubation 
time. The assay mixture contained 0.1 ml of 0.1 M 
glycine buffer (pH 7.5) > 0.05 nil of 0.6 M MgCl^, 
0.005 ml of 0.2 M EOTA, 0.05 ml of 0.0005 M TPN, 
0.005 ml of G-6-P dehydrogenase, 0.001 ml of G-6-P 
isomerase, 0.669 ml of H20, 0.05 ml of extract, and 














Fig. Û. Effect of NaF and AMP on FDPase activity. Assay com¬ 
ponents were the same as those in Fig. 7. NaF and 
AMP concentration, 0.04 M, 0.05 ml of each was added. 
( à , A ) NaF, ( a , ■ ) AMP, ( o , • ) controls , (0,4, 
□ ) growing cells, (• ,*)*-• ) nongrowing cells. 
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Fig. 9. FDPase stability at room temperature in phosphate 
buffer. Assay system as described in Fig. 7. 
Alicuots of the extract were added to phosphate 
buffer (pH 7.5). (o ) growing cells, (A) non¬ 
growing cells. 
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Fig. 10. FDPase stability at room temperature in glycine 
buffer. Aliouots were added to glycine buffer 
(pH 7.5), otherwise assay system is thc same as 
in Fig. 7. (o ) growing cells, ( A ) nongrowing 
cells. 
CHAPTER V 
DISCUSSION AND CONCLUSIONS 
Carbohydrate formation from non-carbohydrate precursors 
(gluconeogenesis) is thought to require FDPase in order to 
by-pass the highly exergonic phosphofructokina.se reaction. 
In microorganisms the net formation of hexose for structural 
and functional components of the cell is necessary for growth 
on non-carbohydrate precursors (Gotto and Pogell, 1962). 
This study is designed to determine whether or not there is 
a difference in FDPase under growing and nongrowing conditions 
with a non-carbohydrate precursor (acetate) as the sole source 
of carbon. 
Previous studies by the present investigator have shown 
that a 4 hr or more lag period in growth occurred when glucose- 
grown cells were placed in acetate (unpublished). The results 
of the present study showed that under growing and nongrow¬ 
ing conditions, the level of FDPase increased prior to the end 
of a 4 hr period (Fig. 7). It is evident then that a prefer¬ 
ential synthesis of FDPase occurred in the glueose-grown cells 
during their adaptation to acetate. These results are very 
similar to those of Gotto and Pogell (1962), who showed that 
in E. coli a rapid rise in the specific activitjr of FDFase 
occurred when the cells were placed in an acetate medium. 
Their cells grew only after a lag period of more than 4 hr. 
21 
22 
Formation FDPase was probably necessary for growth since it 
preceded growth on acetate. In this respect, induction of 
FDPase is similar to that of isocitratase, one of the key 
enzymes of the glyoxylate cycle {Korn^erg, 1961). 
The present study further showed that FDPase under grow¬ 
ing and nongrowing conditions exhibited common properties, 
AMP sensitivity, pH optimum (7.5), TPN optimum (0.0005 M), 
FDP optimum (O.Oâ M), and requirements for Mg++ and EDTA. 
The level of FDPase was higher in growing cells than in non¬ 
growing cells (Fig. 7). Nongrowing cells showed more AMP 
sensitivity than growing cells. The results observed with 
NaF were not similar to those of AMP, in that, in the presence 
of NaF more inhibition occurred in the growing condition (Fig. 
S). Inhibition was not as pronounced as expected according 
to Packer (1962). He observed a 75%> NaF inhibition in spinach 
leaves. However, a difference was expected because AMP and 
NaF were different types of inhibitors, the former being an 
allosteric inhibitor and the latter inhibiting noncompetitive- 
ly. Sato and Tsuiki (1969) have shown that there are two 
types of FDPase in the rat. The two types possessed a number 
of regulatory properties in common, such as a requirement for 
Mg++ and EDTA and an inhibition by AMP, but differed in the 
extent of sensitivity to AMP. One type, with low sensitivity 
and present in high levels, existed in rat liver, kidney, and 
in some slow growing rat hepatomas. The other type, with high 
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sensitivity and present in low levels, existed in rat muscle 
and in some fast growing rat hepatomas. It was suggested 
that the high level FDPase appeared to he important for glu¬ 
coneogenic function of the tissue. The metabolic function of 
the other is still vague. FDPase of yeast in the present 
study showed some similarity to FDPase of rat tissue. In _S. 
cerevisiae the low level FDPase existed in the nongrowing 
« 
cells and the high level in the growing cells. Also, the high 
level enzyme exhibited the least sensitivity to AMP (Fig. 3). 
The differences between growing and nongrowing cells in speci¬ 
fic activity and AMP sensitivity suggest that two FDPases are 
present in _S. cerevisiae (Figs. 7 and 3). Further investiga¬ 
tion is needed to determine whether or not FDPase in _S. cere¬ 
visiae can be categorized as two groups in rats. 
The activity of the FDPase at room temperature in phos¬ 
phate buffer or glycine buffer decreased rapidly with time. 
The phosphate buffered enzyme required 36 hrs to decrease to 
£ 0>.D. at 0.01/6 min while that in glycine buffer only re¬ 
quired 24 hrs to reach this low level of activity. Apparent¬ 
ly the enzyme is extremely heat labile. 
CHAPTER VI 
SUMMARY 
1. _S. cerevisiae were maintained under growing and nongrow¬ 
ing conditions. The cells were harvested by centrifuga¬ 
tion, ground with three times their weight in alumina, 
and extracted with glycine buffer (pH 8.0). 
2. The extracts from growing cells showed a high level of 
FDPase activity, whereas those from nongrowing cells 
showed low FDPase activity. 
3. FDPase from growing cells showed low AMP inhibition, 
whereas FDPase from nongrowing cells showed high AMP 
inhibition. Inhibition to NaF was higher in the grow¬ 
ing cells. 
4. The assay system required the following (optimum concen¬ 
trations) : pH 7.5, 0.08 M FDP, 0.06 M Mg++, 0.2 M EDTA, 
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